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Summary 
Lesions induced by transecting the cranial cruciate ligament in two surgical models of osteoarthritis (OA) in mature, 
male, cross-bred ogs were compared by using an established grading system and alternatives. Previously, we relied 
on evaluations of lesions in articular cartilage on femurs alone. No statistically significant differences were found 
between grades for lesions in cartilage when either treated or control joints were compared by surgical method. Because 
the Pond-Nuki method yielded statistically significant differences between grades for lesions affecting treated and 
control femurs or tibias, and for some parameters indicative of synovitis, we preferred this method of surgery. Although 
by using the medial arthrotomy method of surgery, we were able to destabilize the joint in a more consistent manner, 
significant differences between treated and control joints were found for lesions on tibias, but not femurs, a frequent 
site for OA in humans. Suggestions are made for enhancing the surgical models and for a more holistic approach to 
evaluating joints morphologically. 
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Introduction 
TRANSECTION of the cranial (anterior) cruciate 
ligament (CCL) is an experimental method used 
frequently for initiating osteoarthrit is (OA) in 
the canine femorotibial joint. In dogs, joint 
laxity causes OA following both transection 
and spontaneous rupture of the CCL [1-3]. The 
clinical, radiographic, morphologic and biochemi- 
cal changes subsequent to surgical intervention 
are similar to those found in naturally occurring 
OA in dogs [1, 4-7] and humans [3, 6, 8]. 
For creating a surgical model of OA in the dog, at 
least three techniques are used to transect the CCL. 
The Pond-Nuki (PN) method involves transection of 
the CCL without exposing it [4], whereas medial 
arthrotomy (MA) [9, 10] and lateral arthrotomy [3] 
methods involve visualizing the CCL before and 
after it is transected. Although the same ligament 
(CCL) is cut in each procedure, it is unclear whether 
differences in the techniques that are used cause 
some of the wide variation in the time of onset, 
severity and location of the typical cartilage lesions 
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of OA [7]. If intra-articular bleeding is minimized by 
using electrocautery during the MA method, 
synovitis is less severe than when no attention is 
paid to hemostasis, and histologic changes in the 
art icular cartilage are relatively mild [9]. 
In contrast, some workers have described 
thickened, inflamed synovium and severe disruption 
of the surface of the femoral condyle, with clefts 
extending into the middle zone, 8-12 weeks after the 
PN method was used to transect he ligament [11]. 
To determine the importance of surgical technique 
for the repeatabil ity of lesions in this OA model, the 
objective of this study was to compare the 
distribution and severity of morphologic changes of 
OA in the femorotibial joints of dogs subjected to 
the PN or MA method of l igament ransection, and 
then " housed under identical conditions. An 
established grading method for evaluating cartilagi- 
nous changes in OA was used [12], but, based on our 
experiences with other projects, modifications of 
the method were also used. 
Methods 
ANIMALS 
Healthy, adult,  male, mixed-breed ogs (N= 14) 
that weighed between 20 and 30 kg were examined 
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hlinically and radiographically so that any which 
had pre-existing musculoskeletal bnormalities 
of the pelvic limbs could be excluded from the 
study. All dogs were housed in 3.0 × 1.5 m pens in 
the Laboratory Animal Care Facility of Indiana 
University School of Medicine. Exercise was 
self-regulated and, with the exception of the 
method of transection of the CCL, the dogs were 
treated identically. 
SURGICAL PROCEDURES 
Each dog was premedicated with subcutaneous 
atropine sulfate at a dose of 0.025mg/kg and 
intramuscular cetylpromazine maleate at a dose of 
0.05 mg/kg, followed by induction and maintenance 
of surgical anesthesia with intravenous thiamylal 
sodium at 8mg/kg. With the dog in dorsal 
recumbency, the left femorotibial joint was flexed to 
approximately 90 ° and prepared for transection of 
the left CCL under aseptic conditions. 
The PN method was used in seven dogs. First, a 
no. 11 scalpel blade was inserted by a stab incision 
in a sagittal plane between the lateral margin of 
the patellar ligament and the tendon of the long 
digital extensor muscle into the intercondylar 
region of the femur. The scalpel blade was then 
rotated through 90 ° and, by using a medial to 
lateral movement, the CCL was cut. The blade 
was rotated back and removed. Transection was 
verified by eliciting a cranial drawer sign [7], but 
if there was no sign the procedure was repeated. 
The skin was closed with one simple interrupted 
suture of 00 Vicryl (Ethicon, Inc., Somerville, NJ, 
U.S.A.). 
In an additional seven dogs, the MA method was 
used to visualize and then transect the CCL [9, 13]. 
Briefly, the skin and joint capsule were opened and 
the joint was examined. The CCL was transected 
with a pituitary sickle knife and electrocautery 
was used for hemostasis. The joint capsule was 
closed with a continuous uture of 00 Vicryl and 
the subcutis and skin were closed with 00 Vicryl by 
horizontal mattress utures and simple interrupted 
sutures, respectively. 
EUTHANASIA  
All dogs were euthanatized by an intravenous 
injection of euthanasia solution (T-61, American 
Hoechst, Animal Health Division, Somerville, NJ, 
U.S.A.) 12 weeks after transection of the CCL. The 
left and right femorotibial and patellofemoral 
joints were opened, examined macroscopically so 
that gross changes could be recorded, and then 
photographed. 
TISSUE PREPARATION AND EVALUATION 
Cartilage and bone 
The gross morphologic findings were recorded 
for all 14 dogs in which the left CCL was found to 
be transected completely and the caudal cruciate 
ligament remained intact at post-mortem examin- 
ation. We excluded from analysis an additional 
seven dogs. In three of these dogs the CCL was 
transected incompletely (PN method), and in 
another four neither the cranial nor caudal 
cruciate ligament was intact (three PN method and 
one MA method); tissues from these dogs were, 
however, used in other projects. 
All synovial fluid that was present when the 
femorotibial joint was opened, was aspirated and 
the volume recorded. The surfaces of the menisci 
were examined and recorded as normal or striated, 
and the presence or absence of osteophytes on the 
femur, tibia and patella was noted. The appearance 
of the articular cartilage in the patellar groove, 
and on the femoral and tibial condyles was 
described as normal, discolored, roughened, or as 
having a depression or crater in the articular 
surface. 
Wedge-shaped slabs of cartilage and bone were 
sawn from both femurs and tibias of each dog 
(Fig. 1). One slab was taken in a horizontal plane 
at the junction of the medial trochlear idge and 
the medial condyle. A second slab was cut in a 
frontal plane from the central portion of the medial 
tibial condyle. The samples were fixed in either 
neutral buffered 10% formalin or 8% formalin in 
cacodylate buffer, decalcified in EDTA solution 
(Baxter Scientific Products, McGraw Park, IL, 
U.S.A.), dehydrated in graded alcohols, embedded 
in paraffin, and cut into 6-8 #m thick sections. 
Deparaffinized tissue sections were stained with 
hematoxylin and eosin (H&E), safranin O-fast 
green [14], or toluidine blue [15] to demonstrate 
(a) 
l (b) t 
FIG. 1. Schematics ofthe extremities ofthe (a) left femur 
and (b) tibia. LC, lateral condyle. Arrows indicate cranial 
direction. Bars indicate site of collection of specimens 
for microscopic evaluation. 
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structural and histochemical features of the 
cartilage. 
For each dog, each section of cartilage and bone 
was examined microscopically. Slides were labeled 
with a coded block number prior to evaluation by 
a single reader. Only specimens free of obvious 
artifacts in the articular cartilage were evaluated 
further. Each sample was assigned a grade on the 
basis of the severity of structural or tinctorial 
changes in the cartilage (Mankin grade) [12]; the 
articular cartilage on the entire width of the 
condyle was evaluated. By use of an eye-piece 
reticule, the relative width of the articular surface 
affected by structural or cellular changes was 
determined and points were assigned to each 
section: 1 = ~< one-third of width; 2 = > one-third, 
but ~< two-thirds of width; and 3 = >two-thirds of 
width. A second grade (Mankin+width grade) 
was then obtained for each tissue section by adding 
the points for the extent of lesions to the 
Mankin grade [12]. Finally, a third grade 
(Mankin + width + osteophyte grade) was assigned 
to each section of cartilage and bone by allocating 
one point to each osteophyte or enthesophyte 
and adding these points to the Mank in+width  
grade. 
A two-factor (procedure: PN or MA method; 
joint: left or right) analysis of variance with 
repeated measures was applied to the differences 
between left and right joints and the effect of 
joint and procedure was assessed simultaneously. 
The same analysis was repeated for the femurs 
and tibias, respectively, under the three different 
grading schemes. Statistical significance was set at 
P ~< 0.05. 
were examined at a magnification of x200 and 
graded: 0--no MCI; l=a  few scattered mono- 
nuclear cells; 2=perivascular infiltrates contain- 
ing 10-25 mononuclear cells per field; 3 = diffuse 
MCI or 1-2 dense foci of mononuclear cells per 
field; 4= >2 dense foci of mononuclear cells per 
field [10, 16]. 
Deposition of hemosiderin in the synovium, 
within 200 #m of the joint space, was estimated in 
sections tained with Prussian blue and examined 
at a magnification of x200. Grades were assigned: 
0 = no hemosiderin; 2 = scattered eposits in < 10% 
of fields; and 4 = extensive deposits in > 10% of 
fields [10, 16]. 
The formalin-resistant mast cells in the syn- 
ovium from six dogs in which the PN method was 
used and four dogs in which the MA method was 
used were graded on the basis of the numbers in a 
single high magnification field (×200): 0 = no mast 
cells; 1 = 1-2 mast cells; 2 = 3-5 mast cells; 3 = 6-10 
mast cells; 4 = > 10 mast cells. 
The Mann-Whitney rank-sum test was used to 
compare the rank order of grades for the left and 
right joints for the severity of MCI, degree of 
hemosiderin deposition, and the extent of mast cell 
infiltration [17]. The same comparisons were made 
for left joints or right joints by method of surgery. 
The mean values for the joint capsule thickness 
for left and right joints were compared using 
Student's t-test. Statistical significance was again 
set at P ~< 0.05. 
Resu l ts  
Synovium 
Samples of synovium were taken from the 
suprapatellar pouch and the infrapatellar fat pad 
from both femorotibial joints of each dog. A 
full-thickness ample of the synovium and joint 
capsule was obtained from the medial margin of the 
patella from each joint in four dogs from each 
group according to method of surgery. Except for 
decalcification, the tissue sections were prepared 
as before and were stained with H&E, Masson's 
trichrome, Perls' Prussian blue, or methylene blue. 
Specimens of the joint capsule were sectioned 
perpendicular to the synovial surface, so that, by 
using an eye-piece reticule, the distance, to the 
nearest 0.1 mm, from the synovial intimal layer to 
the periphery of the densely collagenous capsule 
could be measured. 
Synovitis was defined by the degree of mono- 
nuclear cell infiltration (MCI). Tissue sections 
CARTILAGE AND BONE 
Macroscopic observations 
Osteoarthritis had developed in all of the 
joints subjected to transection of the CCL (Fig. 2 
and Table I). In general, damage to the surface of 
the cartilage on the femurs appeared to be more 
severe than that on tibias. Changes occurred in 
simi~ar numbers of dogs from both groups by 
method of surgery; however, osteophytes had 
developed on the left patella only in dogs 
subjected to the MA method. Apart from a slight 
roughness of the articular surfaces of the tibial 
condyles in two dogs subjected to the MA method 
and three dogs subjected to the PN method of 
surgery, no remarkable gross changes developed in 
the right femorotibial joints. There was no 
evidence of nicks in the articular surface that 
might have been attributed to damage by a scalpel 
blade. 
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FIG. 2. View of the distal extremities offemurs of a dog 12 weeks after transection ofthe left cranial cruciate ligament. 
Note the rough cartilage surface (arrow) at the junction of the medial trochlear ridge and condyle, and the osteophyte 
on the left femur (asterisk). 
Microscopic observations 
There were microscopic hanges typical of OA in 
13 of 14 femurs in joints that had been subjected to 
transection of the CCL and in three of 11 right 
joints if the Mankin grading method was used. If 
the tibias were also considered, all left joints and 
10 of 11 right joints were affected by OA. The 
number of dogs in which lesions (focal or 
multifocal) of a particular severity had developed 
are in Table II. 
The mildest cartilaginous lesions included an 
irregular, often ragged, articular surface and 
loosely arranged superficial fibers. Some chondro- 
cytes were indistinct, some where hypertrophied 
and others were pyknotic. The numbers of 
chondrocyte doublets varied among specimens. In 
moderately affected cartilage, the surface was 
fibrillated and this change extended into the 
transitional zone or deeper. Clefts, which were 
single or multiple, extended into the superficial, 
transitional, or tangential zones, but none pene- 
trated the zone of calcified cartilage. In the 
severe lesions, either craters, with a base of 
fibrillated cartilage, or clefts and fronds of 
cartilage had developed [Fig. 3(a) and (b)]. 
Although the majority of craters affected cartilage 
from the left femorotibial joints, such lesions 
developed on or near the axial margin of the right 
medial tibial condyles in three dogs (severe lesions 
listed in Table II). 
In cartilage affected moderately or severely, 
the chondrocytes adjacent o fibrillated cartilage, 
clefts, or craters were lysed and pyknotic, or, 
focally, they were absent. Clusters of >~four 
chondrocytes had developed peripheral to the 
areas with degenerating chondrocytes. In three 
dogs, clusters of chondrocytes had developed 
adjacent o clefts in the cartilage from the right 
femorotibial joint (1/6 tibias PN method; 1/6 femurs 
and 1/6 tibias MA method). 
Osteophytes occurred slightly more frequently 
on femurs in joints in which the CCL was 
transected by the MA method, but they only 
developed on right femurs (2/5) and tibias (2/5) in 
dogs treated by this method of surgery. A 
non-invasive pannus had developed on two left 
femurs (1/6 PN method; 1/5 MA method) and one 
left tibia (1/6 PN method). Decreased tinctorial 
quality with toluidine blue was focal for lesions in 
cartilage from the left femorotibial joints (without 
color loss: 1/6 PN method; 2/5 MA method). There 
was slight (four tibias, PN method; one f mur and 
two tibias, MA method) or moderate (one femur, PN 
method) reduction in stain uptake in cartilage from 
six of the right joints. Similar loss of tinctorial 
quality occurred with safranin O. 
The mean grades for microscopic hanges in the 
samples from the left and right femorotibial joints 
are in Table III. For all three methods of grading, 
there were significant differences between the 
mean grades for the left and right femurs (P < 0.01) 
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and tibias (P=0.018 for Mankin, P=0.025 for 
Mankin + width, and P = 0.015 for Mankin + 
width+ osteophyte) after transection of the left 
CCL by the PN method. For the MA method, 
differences between mean grades for left and 
right femurs were not significant for all three 
grading methods; however, the differences between 
mean grades for left and right tibias were 
significant (P=0.018 for Mankin, P=0.008 for 
Mankin + width, and P = 0.003 for Mankin + 
width+osteophyte).  There were no significant 
differences between the mean grade differences 
when the samples from femurs were compared by 
the method of surgery (Table IV). The same was 
true for tibias. 
SYNOVIUM 
Macroscopic observations 
Following transection of the CCL by either 
surgical method, synovium from left femorotibial 
joints was hyperemic, yellow or orange and, 
typically, had marked villous hyperplasia. In 
contrast, there were no macroscopic hanges in 
" synovium from right joints. 
Microscopic observations 
The fibrous stroma in the synovial intima and 
subsynovial layer of the left joint was increased in 
comparison to that in the right femorotibial joint, 
Table I
The quantity of synovia and the numbers of tissues or structures and areas of articular cartilage that 
were affected by macroscopic changes in left femorotibial joints of dogs that were subjected to 
transection of the left cranial cruciate ligament 12 weeks earlier 
Tissues and sites of cartilage xamined, 
and changes that were observed 
Surgical method 
Pond Nuki Medial arthrotomy 
(7) (7) 
Synovia (range in ml) 0.5-9 1.5-10 
Medial meniscus 
Normal 4 2 
Striated surface 3 5 
Lateral meniscus 
Normal 6 7 
Striated surface 1 0 
Osteophytes 
Femur 6 4 
Tibia 6 5 
Patella 0 2 
Cartilage changes 
Patella groove 
Roughened surface 1 3 
Junction of medial trochlear ridge 
and femoral condyle 
Normal 0 1 
Discolored 0 1 
Roughened surface 2 1 
Depression i  articular surface 1 2 
Well-developed crater 4 ..... 2 
Approximating bone 3 0 
Medial femoral condyle 
Roughened surface 0 1 
Depression i  surface 1 1 
Lateral femoral condyle 
Depression i  surface 4 2 
Medial tibial condyle 
Roughened surface 5 2 
Laterial tibial condyle 
Roughened surface 3 1 
Numbers in parentheses represent dogs ubjected to the different methods of surgery. 
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Table II 
The severity of microscopic hanges and the numbers of dogs in which sites were affected with 
lesions of a particular severity 12 weeks after the left cranial cruciate ligament was transected 
Site of origin of cartilage sample 
Severity of microscopic 
changes* Surgical method LF LT RF RT 
No lesion Medial arthrotomy 0 (5) 0 (5) 3 (5) 1 (5) 
Pond Nuki 1 (6) 0 (6) 5 (6) 1 (6) 
Mild lesion Medial arthrotomy 1 1 1 1 
Pond Nuki 0 1 1 2 
Moderate lesion Medial arthrotomy 3 .4 1 3 
Pond Nuki 0 1 0 3 
Severe lesion Medial arthrotomy 3 2 0 2 
Pond Nuki 6 5 0 1 
*Criteria re given in the text and are based on the microscopic changes observed by Mankin et al. (1971) and 
the presence of craters and other changes we observed ~. 
LF, Section of the left femur at the junction of the medial trochlear ridge with the medial condyle; RF, section 
of right femur at the junction of the medial trochlear ridge with the medial condyle; LT, section of the medial 
condyle of the left tibia; RT, section of the medial condyle of the right tibia. 
Numbers in parentheses represent dogs subjected to the different methods of surgery and for which the 
particular sample of cartilage was available for microscopic evaluation. 
whichever the method of surgery. The capsule of 
the left femorotibial  jo int  was up to 50% thicker 
than that of the r ight  capsule, but it was not 
signif icantly greater  for the jo ints subjected to the 
MA method (mean increase = 3%) compared with 
those in which the PN method was used (mean 
increase = 19%, Table V). 
Synovit is had developed in the left femorotibial  
jo int  for all dogs [Fig. 4(a)]. Marked MCI (grade = 4) 
was present in at least one specimen of synovium 
from the left jo int  of 6/7 dogs in which the PN 
method was used and of 3/6 dogs in which the MA 
method was used. For both methods of surgery, the 
overall severity of MCI was signif icantly greater  
(P <, 0.001) for the left compared with the r ight  
jo int  (Table V). However, the severity of MCI in left 
joints was unre lated to the method of surgery 
(P = 0.38). 
Synovial  hemosider in deposit ion and mast cell 
inf i l trat ions were prominent  in the tissue sections 
from the left jo ints [Fig. 4(b)]. Hemosider in  was 
found only in the synovium from the left joints and 
the extent of deposit ion was similar regardless of 
the method of surgery. 
A l though more mast cells (Fig. 5) were seen 
in the synovium from the left joints when 
either method of surgery was considered, the 
difference was signif icant (P < 0.002) between left 
and r ight joints only when the PN method was 
used. The rank ing of grades for mast cell 
inf i l trat ion was signif icantly h igher  (P=0.03)  
in the synovium from the left joints of dogs in 
which the PN method of surgery was used 
compared to those in which the MA method was 
used. 
Discuss ion  
Degenerat ive changes had developed in the 
cart i lage of all but one of the left femurs and on all 
t ibias so that  all of the left femorotibial  joints were 
affected by OA. A l though grades for lesions were 
relatively low, using the Mank in  grade alone, 27% 
of r ight  femurs, the internal  controls, had lesions 
and if t ibias were also considered, over 90% of r ight 
joints were affected by OA. Whichever the method 
of surgery or origin of carti lage, there was a 
substant ia l  var iat ion in the grades and the severity 
of lesions. The var iat ion among lesions was similar 
to that  reported elsewhere [17,18] and was 
interpreted as evidence for the lesions developing 
at different rates in different animals, paral le l ing 
the s i tuat ion in joints of both dogs and human 
beings with spontaneous OA [1, 19]. 
Because of the variabi l i ty among lesions in 
ar t icu lar  cart i lage fol lowing surgery [6, 20-23], and 
based on our experiences with models of OA, we 
were interested in determin ing if the method of 
surgery inf luenced the severity of lesions. There 
was no signif icant difference between mean grade 
differences by method of surgery (PN and MA 
method) for e i ther  femurs or tibias. With these 
findings in mind, one might assume that  the ideal 
method for surgery would simply depend on the 
preference of the researcher  or, in our  case, would 
be the MA method because we were more 
consistent ly able to completely t ransect  he CCL to 
destabil ize the joint, while leaving the caudal  
cruc iate l igament intact. 
On fur ther  examinat ion of the data, however, 
there was no signif icant difference between mean 
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FIG. 3. Photomicrographs of a tissue section from the junction of the medial ~rocmear ridge and condyle of the left 
femur, collected 12 weeks following transection of the left cranial cruciate ligament. (a) Note the clefts and fronds of 
cartilage in the locality of the lesion. Hematoxylin and eosin (H&E) x26. (b) Note the area in which chondrocytes have 
disappeared (arrows) and the clusters of chondrocytes (arrows), H&E x60. 
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Table III 
The mean grades after microscopic evaluation of tissue sections of cartilage and bone from femorotibial joints of dogs that 
were subjected to transection of the left cranial cruciate ligament 12 weeks earlier 
Grading method and mean grade (_+S.D.) 
Surgical Mankin* Mankin + widtht Mankin _+ width _+ osteophyte:~ 
method 
(no. of dogs) LF RF LT RT LF RF LT RT LF RF LT RT 
Medial 
arthrotomy 4.60 1.60 8.00 3.00 6.00 2.20 10.00 3.80 6.80 2.60 11.00 4.20 
(5) (_+3.85) (_+2.61) (_+1.00) (_+2.45) (_+4.69) (_+3.49) (+1.00) (-+2.86) (-+4.82) (_+3.78) (+_1.00) (_+3.03) 
P-value§ > 0.05 0.018 > 0.05 0.008 > 0.05 0.003 
Pond Nuki 8.16 0.50 8.00 3.83 10.00 0.50 9.66 5.16 10.50 0.50 10.16 5.16 
(6) (_+4.67) (+1.22) (+1.67) (+2.56) (_+5.51) (-+1.22) (-+1.75) (+3.49) (-+5.43) (-+1.22) (-+2.04) (-+3.49) 
P-value§ > 0.01 0.018 > 0.01 0.025 > 0.01 0.015 
*Grade derived by Mankin's method (Mankin et al., 1971) that was applied to the whole articular cartilage in the tissue section. 
fGrade for the relative width of the articular surface in a tissue section that was affected by lesions (+1 if _< one-third affected; 
+2 if >one-third, but _<two-thirds affected; +3 if >two-thirds affected) and was added to the grade assigned by Mankin's method. 
SGrade related to the number of osteophytes and enthesophytes (+1 for each) that was added to the summed grades by the Mankin 
method and the one for the width of the lesion. 
§Significance for difference between means for grades for left and right limbs. 
LF, Section of the left femur at the junction of the medial trochlear idge with the medial condyle; RF, section of right femur at 
the junction of the medial trochlear ridge with the medial condyle; LT, section of the medial condyle of the left tibia, RT, section 
of the medial condyle of the right tibia. 
grades for left and r ight femurs if the MA method 
was used. For us, the preferred site for evaluat ion 
of the femorotibial joint has been the junct ion of 
the trochlea and the medial femoral condyle 
because the init iat ion of lesions has been repeat- 
able [18]. The results of the comparison between 
control  and treated joints using the MA method, 
therefore, posed a problem for us. I f  the surgical  
models of OA are to be of value, it is essential to 
demonstrate that the procedure ither init iates or 
exacerbates lesions; this is a requirement if models 
of OA are to be used to enhance our understand ing 
of the early stages in the pathogenesis of OA or in 
the test ing of preventive measures or therapeut ic  
agents. Wi th  the minimal anamnesis  provided by 
suppliers of the dogs and only a moderate amount  
of information that can be obtained by physical  and 
radiological  examination, we rely substant ia l ly  on 
the chance that femorotibial  joints are morphologi-  
cally normal  prior to surgery. If spontaneous 
lesions were already developing, and at the 
terminat ion of the experiment there were no 
differences between grades for treated and control  
joints, it would be impossible to differentiate 
spontaneous and iatrogenic effects. In the absence 
of a spontaneous canine model of OA, our 
preference must, therefore, be for the use of the PN 
method so that we can util ize the internal  control. 
Advantages of the PN method are that it can be 
performed quickly and, seemingly, it is less 
t raumat ic  to the tissues abutt ing the joint. Because 
performance capabil it ies of MRI equipment have 
improved since we completed our project, the use 
of MRI  to determine the state of joints prior to 
Table IV 
The mean grade differences* (-+ S.D.) after grading tissue sections of cartilage and bone by different 
grading methodst 
Grading method and mean grade difference (-+ S.D.) 
Mankin Mankin + width Mankin + width 
Surgical method 
(No. of dogs) Femur Tibia Femur Tibia Femur Tibia 
Medial arthrotomy 3.0 5.0 3.8 6.2 4.2 7.2 
(5) (_+5.3) (_+3.4) (_+6.7) (+_3.7) (-+7.0) (_+3.7) 
Pond Nuki 7.7 4.2 9.5 4.5 10.0 5.0 
(6) (-+4.5) (_+3.7) (_+5.3) (_+4.4) (_+5.2) (_+4.3) 
P-value 0.15 0.71 0.15 0.51 0.15 0.39 
*Grade difference is the difference in grades between left and right joints. 
tParameters for grading are in Table III and the text. 
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FIG. 4. Photomicrographs of synovium from the left infrapatellar fat pad 12 weeks after transection of the left cranial 
cruciate ligament. (a) Synovial villi are abundant and the synovial lining appears hyperplastic (arrows). Note the dense 
infiltrate of mononuclear cells. Hematoxylin and eosin ×68. (b) In an adjacent section, deposits of iron in synovial 
macrophages (arrows) are seen in the synovial intima. Perls' Prussian blue ×68. 
surgery may be worth  considering. This could 
increase the chances of ident i fy ing pre-exist ing 
lesions. 
Like numerous  other  researchers ,  we adopted  the 
grading method that  was developed by Mank in  
et al. [12] for eva luat ing  microscopica l ly  hyal ine 
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Table V 
The mean grades for changes in the synovium after microscopic evaluation of tissue sections from femorotibial joints of 
dogs that were subjected to transection of the left cranial cruciate ligament 12 weeks earlier 
Mean grade for change in Synovium ( ± S D) 
Mononuclear cell Synovial iron Mast cell 
infiltration* deposition* infiltration* 
Surgical method 
(No. of dogs) Left Right Left Right Left Right Thickness t 
Medial arthrotomy 2.6 (_+1.4) 0.1 (_+0.3) 2.8 (_+1.6) 0.0 (±0.0) 2.0 _+ 0.8 1.5 ± 0.6 134 
P-value < 0.0015 > 0.05 
Pond Nuki 3.1 (±1.0) 0.2 (-+0.6) 3.2 (±1.1) 0.0 (±0.0) 3.3 ± 0.8 1.2 ± 0.8 119 
P-value < 0.001 < 0.002 
0.38§ 0.03 > 0.05 
*Graded according to criteria in the text, 
tExpressed as percentage of the left joint compared to the right joint. 
:~Significance for difference between means for grades for left and right limbs. 
§Significance for difference between means for grades for left limbs treated by different surgical methods. 
Left, left femorotibial joint; right, right femorotibial joint. 
carti lage; a citat ions search yielded 329 art ic les in 
which this 'c lassic'  paper  was referenced. There  
were, however, l imitat ions in us ing the Mank in  
grade because, by the or ig inal  method,  several  
focal sites were examined,  but  there was no 
cumulat ive grade nor  was there cons iderat ion of 
the cart i lage as a single entity. Mank in  et al. [12] 
worked with 'end stage'  jo ints  and so the subtle, 
early changes such as loosening of superf ic ia l  
fibers, f ibri l lation, hyper t rophy  of chondrocytes,  
and format ion  of chondrocyte  doublets could not  be 
evaluated.  Because res idual  cart i lage was selected 
by these authors,  no specific impor tance  was 
ass igned by them to the smal l  focal craters  that  can 
resul t  f rom the loss of var ious  layers down to the 
calcif ied cart i lage relat ively ear ly in the pathogen- 
esis of lesions. A l though the nuances  in descript ive 
te rmino logy  and some changes that  we recognized 
in cart i lage may seem tr ivial ,  it is impor tant  to 
remember  that  we are interested in us ing models of 
FIG. 5, Photomicrographs of synovium obtained from the left infrapatellar fat pad 12 weeks after transection of the left 
cranial cruciate ligament. There are mast cells (arrows) near a small blood vessel in the synovial intima. Methylene 
blue ×85. 
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OA in which we can institute measures that will 
prevent or retard the rate of development of the 
surface damage that progresses to erosion of the 
articular cartilage. Therefore, the initial changes 
of OA need to be considered if therapeutic agents 
are to be tested in dogs in which the model of OA 
is induced by transection of the CCL. It may be 
equally important to determine the extent of 
lesions by simple methods uch as photographing 
articular surfaces after coating them with India 
ink [24] and then determining the relative area of 
the surface that is affected. An ultimate benefit 
could be the ability to assess the effect of a 
particular treatment in reducing the extent of 
developing lesions. 
Synovitis was a feature of treated joints and a 
greater proportion of dogs that were subjected to 
the PN method had severe MCI on the basis of 
grades. As our knowledge of immunomodulation 
increases, the involvement of mononuclear cells in 
the disease process may be better understood. 
Myers et al. [9], paid meticulous attention to 
hemostasis at the time of CCL transection using 
the MA method and were able to reduce the 
severity of synovitis and synovial hemosiderin 
deposition to a greater degree than was seen in 
this study. Our initial concerns that the PN 
method might cause more severe hemarthrosis 
than the MA method, and thereby influence the 
progress of lesions, were unfounded because the 
amount of hemorrhage, as translated from 
hemosiderin deposition, was no different for the 
two surgical procedures. Current findings could 
reflect the larger number of samples and the 
greater surface area of synovium that were 
examined, as well as the use of the additional 
specimens of adipose synovium from the infrapatel- 
lar fat pad. 
The relevance of mast cells to the pathogenesis 
of OA is currently of interest and an understanding 
of the involvement of these cells with stromelysin 
functions and the onset of OA may be important in 
the future [25]. Although the high number of mast 
cells in the synovium of some left joints was 
compatible with findings in joints from human 
beings with OA [26, 27] the mast cell was not 
considered by Mankin et al. [12]. Seemingly, mast 
cell localization, as an indicator of an active 
process in the pathogenesis of OA, was more useful 
in dogs in which the PN method was used, and 
further investigation ofthe nature and distribution 
of mast cells in this canine model of OA is 
worthwhile. 
The predilection sites for lesions in the hyaline 
cartilage at the junction of the trochlear idge and 
the femoral condyle and at the axial margin of the 
tibial condyle corresponded to those observed by 
Tirgari and Vaughan [1], with a predominance of
lesions occurring on the trochleas and the tibial 
condyles in dogs with spontaneous OA. Transec- 
tion of the CCL destabilizes the femorotibial joint 
and, thus, initiates OA [7]. We hypothesize that 
abnormal movement and friction of the patella and 
associated tendons against the margins of the 
trochlear idges or the junction of the trochlear 
ridge and the condyle causes changes at these sites. 
Although neither site in which we found lesions is 
weight-bearing, the kinetic changes in the canine 
femorotibial and patellofemoral joints after tran- 
sectior/of the CCL have not been determined. 
Arguably, findings from biochemical analyses for 
the assessment of early changes in proteoglycan 
and collagen metabolism are important indicators 
of the onset of OA; however, in the future, we 
believe that minimally the femoral condyle, which 
is a site for OA in human beings, warrants further 
morphologic evaluation using immunohistochem. 
istry. This is particularly true as there is a growing 
understanding of the changes that occur early in 
the pathogenesis of OA [13, 28]. Indeed, immunohis- 
tochemical morphologic features of lesions of 
different severities were described for selected 
specimens in this series, but no consideration was 
given to the method of surgery at the time the 
samples were evaluated [13]. 
Further justification for the use of morphologic 
evaluation for the early stages of lesions was 
presented by Stockwell et al. [29], who found 
ultrastructural evidence of loosening of the 
superficial collagen fibers on the medial tibial 
condyle within 4 days of destabilizing femorotibial 
joints using the PN method. As a cautionary note, 
however, Clark [30, 31] demonstrated that surface 
irregularities on some parts of tibial condyles were 
normal. In our study, a range of changes typical of 
OA had developed on the medial tubercle or near 
the axial margins of some tibial condyles. We, 
therefore, further hypothesize that trauma to the 
medial tibial tubercle in a joint in which there is 
rotational and mediolateral laxity as well as 
craniocaudal laxity, precipitated degenerative 
changes of some tibial condyles. 
In contrast to our findings in which lesions 
developed in the cartilage of stable, right femoro- 
tibial joints, Myers et al. [9] saw no lesions in either 
the contralateral, control joints or in joints 
subjected to sham-transection f the CCL. It is 
possible that the axial margin of the tibial condyle, 
which was affected in all right limbs except one in 
this study, is a predilection site for OA either as 
part of an aging process or, that in our dogs, there 
was an altered load or there were covert changes in 
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the mode of ambulation on the right limb 
subsequent to surgery. Although there was no 
evidenc~e in either this study (unpublished data) or 
an earlier one [17] for a difference in peak vertical 
forces based on the method of surgery, it would be 
unwise to ignore the possibility of weight shifts in 
the mediolateral or craniocaudal p anes. This issue 
is worthy of further investigation. 
We have identified typical features of this short- 
term model of OA. Because the justification for 
animal models is essentially to advance, by 
extrapolation, the understanding of the etiopatho- 
genesis of OA in humans, on the basis of apparent 
flaws there is need to refine the model, whatever the 
method of surgery. In the larger sample from which 
dogs for this project were selected, we encountered 
problems in approximately half of the dogs that 
were subjected to the PN method of surgery. Either 
the CCL was incompletely transected or both 
cruciate ligaments were severed or had ruptured. 
There is little indication in the literature 
relating to the rate of success that other 
investigators have in transecting only the CCL if 
the PN method is used. We have no reason to 
believe that the success rate for others is any 
different from ours. However, success with the PN 
method may be more highly operator-dependent 
than with the MA method. Additional variables 
among dogs are the position of structures within a 
joint and joint flexibility and these could also affect 
outcomes with the PN method. Perhaps for the 
majority of investigators it is the lesions and the 
extent of them that were of greater interest han 
the means by which they were derived or the rate at 
which they developed. In the interests of develop- 
ing a more consistent model, the potential 
variability in the stability of the joints is 
undesirable and the use of an arthroscopic 
approach to the ligaments (although not without 
difficulties) may provide more procedural control 
than the conventional PN method [32]. An 
additional aid for consideration is the use of MRI 
for evaluating the state of the joint following 
surgery. Joints in which the CCL was not 
completely transected could be subjected to further 
swipes with the scalpel, whereas if both cranial and 
caudal igaments were transected, the dog could be 
eliminated from the project at an earlier stage. 
Age has an effect on the development of lesions 
of spontaneous OA in both dogs and human beings 
[1, 19]. Any impact of using dogs of indeterminate 
age, i.e. age variation, on the mean grades of lesions 
in cartilage, synovium, etc. in surgically induced 
OA is unknown and this may have been a cause of 
some of the variation in the severity of lesions in 
this project. Determination of the effect of age on 
the etiopathogenesis of lesions would, however, be 
the subject for another specific experiment. For 
now, therefore, we recommend elimination of age 
inconsistencies within experiments. 
Another consideration for reducing the variabil- 
ity in the development of lesions between dogs 
is exercise. In our experiment, all dogs had the 
same opportunity for exercise. However, confined 
cage rest with limited movement would have 
ensured that each dog was prevented from leaping 
up in its cage, as happened with our dogs and may 
have occurred with those in other experiments, 
thus reducing the risk of further damage to the 
joints. Cage rest interspersed with predetermined 
amounts of exercise, e.g. on an automated carousel 
[33], would allow investigators to determine if 
additional 'wear and tear' associated with exercise 
accelerates the degenerative process. Exercise may 
be relevant in standardizing the model because in 
dogs in which the MA method was used to 
destabilize the femorotibial joint and in which the 
limb was placed in an immobilizing cast immedi- 
ately after surgery, the articular surfaces did not 
develop lesions and no osteophytes developed [34]. 
In contrast, in dogs in which a cast was not used, 
lesions were similar to those in our study. 
Although either method of transection of the 
CCL yielded a comparable range of lesions, on the 
basis of our data and our interpretation of lesions 
using various criteria, we believe that the PN 
method provided the most appropriate surgical 
model for OA. This model needs refinement so that 
degenerative changes develop more consistently 
than they did in this project. An arthroscopic 
surgical approach could increase the likelihood of 
transecting completely the CCL without risk of 
damaging other joint structures and the use of 
MRI, subject to availability and fiscal restraints, 
could be used to identify pre-existing lesions or to 
confirm surgical success. Additional modifications 
to any surgical protocol could include controlling 
the amount of exercise for the dogs and the 
selection of dogs by age categories. With recent 
findings in OA research, consideration of all 
components of an affected joint seems relevant and 
evaluations other than those of Mankin et al. [12] 
may be more pertinent o contemporary investi- 
gations and could provide further insights into the 
pathogenesis of this model which resembles acute 
onset, traumatic OA. 
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